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Introduction

Coronary Heart Disease (CHD), also called coronary artery dis-
ease, refers to the cardiovascular disease with a narrowing or block-
age of the coronary arteries, which is the major cause of mortality 
and disability worldwide [1]. Despite significant advances in clinical 
treatment of CHD, it is still one of the common causes of adult mortal-
ity in both developed and developing countries. In China, according 
to an estimated report by the World Health Organization, more than 
700,000 people die from CHD each year [2]. CHD is a complex and 
multi-factorial disorder involving the interplay of both genetic and 
environmental factors. Many risk factors such as abnormal plasma 
lipid concentrations, smoking, diabetes and blood pressure have been 
proven to be closely associated with the pathogenesis of CHD, which 
are addressed as “modifiable risk factors” as they can be adjusted by 
life style changes and therapeutic interventions [3,4]. While lifestyle 
modification has reduced the mortality rate, the candidate gene ap-
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Abstract
Background: In this current work we aimed to find the effect of 
four different single Nucleotide Polymorphisms (SNPs) rs1122608 
(SMARCA4), rs2230806 (ABCA1), rs12563308 (ANGPTL3), and 
rs662799 (APOA5) on Coronary Heart Disease (CHD) in a Han Chi-
nese population in Xinjiang region of China.

Methods: This study involved 914 subjects with 493 CHD patients 
and 421 healthy controls. The genotype distribution of these SNPs 
was analyzed and their relations with CHD risk factors were as-
sessed.

Results: No statistical differences were found in genotype and al-
lele distributions of above SNPs between CHD and healthy con-
trols (P>0.05). Serum level of high-density lipoprotein cholesterol 
(HDL-C) was higher in TT genotype of rs1122608 when compared 
with GT and GG genotypes (P<0.01) in CHD patients; serum Tri-
glyceride (TG) level was higher in rs662799 GG genotype than GA 
and AA genotypes (P<0.00); AA of rs662799 was associated with 
higher HDL-C level compared with other two genotypes (P<0.01); 
rs12563308 and rs223086 were not associated with any serum lipid 
traits (P>0.05 for all). Logistic regression analysis showed that the 
SNPs examined were not related to CHD (p>0.05). Also no associa-
tion was found between four SNPs with the angiographic severity of 
CHD patients (p>0.05).

Conclusion: APOA5 rs662799 GG allele is associated with ele-
vated triglyceride and might act as a risk factor for CHD; SMAR-
CA4rs1122608 TT allele and APOA5 rs662799 AA allele are asso-
ciated with elevated high-density lipoprotein cholesterol levels, and 
might play a protective role in the development of CHD.

Keywords: Coronary heart disease; Han Chinese; SNPs; Lipids

proach has provided new insights for discovering diagnostic and ther-
apeutic approaches. The integrative approach of analyzing the disease 
both clinically and genetically provides the opportunity to disentangle 
the complex interactions underlying disease pathways [5]. As such, 
the important role of lipid regulatory genes in CHD pathogenesis 
has been an essential aspect of research for the past many years [6]. 
Previous studies have found many lipids related Single Nucleotide 
Polymorphisms (SNPs) associated with the risk of CHD occurrence. 
However, the results are inconsistent [2,7-9]. While more and more 
Met S risk loci have been identified, it has long been noted that ge-
netic variants conferring susceptibility may vary across ethnicities. 
Among the genes involved in the development of MetS and/or cardio-
vascular diseases are the apolipoprotein A5 (APOA5), apolipoprotein 
C1 (APOC1), BRCA1 associated protein (BRAP), BUD13 homolog 
(BUD13), Cholesteryl Ester Transfer Protein (CETP), lipase A lyso-
somal acid type (LIPA), Lipoprotein Lipase (LPL), phospholipase C 
gamma 1 (PLCG1), and ZPR1 Zinc Finger (ZPR1) gene.

An important lipid regulatory gene is BRG1 (also known as 
SMARCA4) is located about 36 kbs from the LDLR gene.SNP 
rs1122608 is located in the 30th intron of the SMARCA4 gene, also 
commonly referred to as BRG1, which has SNPs directly related to 
dyslipidemia [10]. Zhou et al. [11] showed that SNP rs1122608 (G/T) 
is related to the increase of LDL-cholesterol. Wang and colleagues [2] 
also proved that rs1122608 is associated with LDL-cholesterol levels 
and Triglycerides (TG) levels.

ANGPTL3 gene has been mapped to the 1p31 region, and the 
SNPs of ANGPTL3 are involved in the metabolic regulation of tri-
glycerides, LDL-C, and HDL-C, as well as atherosclerosis in mice 
and humans [12]. Li [13] showed that ANGPTL3 rs12563308T hap-
lotype was associated with an increased angiographic severity to cor-
onary artery atherosclerosis.
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After fasting for 12 hour, a venous blood sample of 5 ml was ob-
tained from all participants. 2 ml of the blood sample was collected 
into glass tubes and used to measure serum lipid levels, another 3 ml 
was stored in the tubes that contained anticoagulants (4.80 g/Lcitric 
acid, 14.70 g/L glucose, and 13.20 g/L tri-sodiumcitrate) and used to 
extract deoxyribonucleic acid (DNA). The levels of serum TC, TG, 
HDL-C, and LDL-C were determined by enzymatic methods with 
commercially available kits(RANDOX Laboratories). Serum ApoA1 
and ApoB levels were detected by the immunoturbidimetric immuno-
assay. The normal values in our Clinical Science Experiment Center 
were 3.10-5.17 mmol/L for TC, 0.56–1.70 mmol/L for TG, 0.91–1.81 
mmol/L, for HDL-C, 2.70–3.20 mmol/L for LDL-C, 1.00–1.78 g/L 
for ApoA1,0.63–1.14 g/L for ApoB. Diabetes mellitus was diagnosed 
according to the WHO diagnostic criteria, which are random plasma 
glucose more than 11.1mmol/L or fasting plasma glucose 7.0 mmol/L 
or higher [20]. Hypertension was defined as a systolic blood pres-
sure of 140 mmHg or greater, and/or a diastolicblood pressure of 90 
mmHg or higher [20].

Genotyping

Genomic DNA was extracted from leucocytes of venous blood 
using the phenol-chloroform method. Genotyping of the SNPs was 
accomplished by the Snapshot technology platform in the Center for 
Human Genetics Research, Shanghai Genesky Bio-Tech Co. Ltd.

The restriction enzymes for the loci were SAP (Promega) and 
Exonucleasel (Epicentre). The sense and antisense primers were 
5’-CAACACTGCGAGGCGGGTAC-3′and 5’-CAACACTGC-
GAGGCGGGTAA-3 for the rs1122608SNP and 5’-TAGTGAAG-
CAATCTAATTATGTTTTACGAATTGTGT-3′ and 5’-TAGT-
GAAGCAATCTAATTATGTTTTACGAATTGTGC-3′ for the 
rs12563308 SNP; 5’-CTCTGCTGCAGCCAGTTTCTACC-3′and 
5’-CTCTGCTGCAGCCAGTTTCTGCT-3 for the rs2230806 SNP, 
5’-CCCAGGAACTGGAGCGAAACTG-3′and 5’-CCCAGGAACT-
GGAGCGAAACTA-3 for the rs662799 SNP respectively. In or-
der to identify the most likely relative lipid SNP candidate genes, 
we accessed to  http://www.ncbi.nlm.nih.gov/SNP  database and 
selected rs1122608(SMARCA4), rs2230806(ABCA1), rs12563308 
(ANGPTL3), and rs662799 (APOA5) genes asour candidate genes 
association with blood lipids and CHD.

Statistical analysis

The data analysis was performed using SPSS version 25.0 for 
Windows. Each SNP was coded as 0, 1, or 2 depending on the num-
ber of CHD risk alleles in the patient. The genotype distribution was 
assessed by Chi-sequare test. The differences in genotype and allele 
frequencies between different groups were also examined by Hardy-
Weinberg Equilibrium (HWE) test [21]. Student’s t test or the analy-
sis of variance was used to compare the clinical parameters between 
cases and controls. Qualitative variables were reported as frequencies 
and percentages and evaluated by Chi-square test. Multivariate lo-
gistic regression analyses were performed for SNPs and other risk 
factors associated with CHD and the Odds Ratio (OR) and 95% Con-
fidence Interval(CI) were calculated to evaluate the contribution of 
the major risk factors. Through counting DNA sequencing data, the 
genotype and allele frequencies can be estimated. The distinction be-
tween studied groups were analyzed by Pearson’s x2 test. The thresh-
old for significance was set at P<0.05.

ABCA1 is a membrane transporter protein involved in creating 
nascent HDL-C [14]. It plays an essential role incellular free choles-
terol and phospholipid secretion from cell membrane to lipid poor 
apolipoprotein AI [15]. To date approximately 100 gene mutation 
sites have been reported in ABCA1, among them, rs2230806 (R219K, 
107620867C>T) is the most widely studied common missense poly-
morphism [16]. However, the relationship between rs2230806 and 
CHD was not consistent in the reported researches.

Apolipoprotein A5 (ApoA5), a protein composed of 366 amino ac-
ids and High-Density Lipoprotein (HDL) primarily secreted from the 
liver is a well-known modulator of circulating TG levels in both fast-
ing and postprandial states [17]. APOA5 polymorphisms have long 
been reported to be associated with cardiovascular disease and plas-
ma lipid levels. a strong statistical association between HDL-C and 
LDL-C clinical parameters and APOA5 rs662799 CC and rs3135507 
AA genotype was found (p=0.014 and p=0.017, respectively) [18].

In this study, we aim to investigate the association of four dif-
ferent SNPs of lipid metabolism genes, rs1122608(SMARCA4), 
rs2230806(ABCA1), rs12563308 (ANGPTL3), and rs662799 
(APOA5) and their effect on lipids and the severity of CHD in a Chi-
nese Han population in Xinjiang.

Methods
Ethical approval of the study

The present study was approved by the Ethics Committee of First 
Affiliated Hospital of Xinjiang Medical University (Xinjiang, China). 
All of the participants provided written informed consent and pro-
vided permission for DNA analyses, as well as for the collection of 
relevant clinical data.

Subjects

This study was carried out in a case–control design. A total of 
914Han Chinese subjects (493 of them whom were diagnosed CHD 
cases and 421 were healthy controls) in Xinjiang region were recruit-
ed from the First Affiliated Hospital of Xinjiang Medical University 
from January 2017 and to December 2019. All subjects were Chinese 
Han population living in Xinjiang province.CHD was defined as pres-
ence of at least one significant coronary arteries, left anterior descend-
ing artery, left circumflex or right coronary artery stenosis of >50% 
luminal diameter based on the coronary angiography .Accordingly, 
CHD patients were classified as single, double and multivessel ste-
nosis patients. The Gensini scores of the control group patients were 
evaluated according to the Gensini score standard [19].

Exclusion criteria: Patients with incomplete clinical data and pa-
tients with one of the following diseases, such as rheumatic heart dis-
ease, congenital heart disease, aortic dissection, severe heart failure, 
cardiogenic shock, malignant arrhythmia, tumor, autoimmune dis-
ease, mental disease and patients with liver, kidney or lung dysfunc-
tion. Control subjects were selected from volunteers with angiograph-
ically normal coronary arteries and had no history of CHD . Coronary 
angiography in the control individuals was performed for the evalua-
tion of chest pain. Some CHD patients had taken lipid lowering med-
ications before they were admitted to hospital. A total of 113 (23%) 
patients used statins and 5 patients used other lipid lowering herbs.

Collection of basic materials

The following basic information was collected: age, gender, total 
TC, TG, HDL-C andLDL-C, ApoA, ApoB, Lp (a) and glucose levels.

http://www.ncbi.nlm.nih.gov/SNP
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Results
Tables 1-7 are shown in below.

Characteristics Control (n=421) CHD (n=493) t/x2 P F

Age 56.95±9.29 58.12±10.64 1.75 0.00 7.20

Male/Female 263/158 339/154 3.99 0.02 -

Smoking (%) 165(39.2%) 228(46.2%) 4.61 0.01 -

Drinking (%) 137(34.9%) 160(32.5%) 0.23 0.62 -

Hypertension (%) 152(36.1%) 245(49.7%) 17.07 0.00 -

Diabetes (%) 46(10.9&) 113(22.9%) 22.73 0.00 -

TG, mmol/L 1.89±1.17 2.01±1.73 1.24 0.21 5.49

TC, mmol/L 4.21±0.94 4.63±1.25 5.60 0.00 20.83

HLD-C, mmol/L 1.11±0.29 1.04±0.26 4.02 0.00 9.88

LDL-C, mmol/L 2.63±0.79 2.94±0.96 5.10 0.00 10.19

APO-A, mmol/L 1.24±0.24 1.22±0.38 0.70 0.47 5.14

APO-B,mmol/L 0.85±0.25 1.28±0.37 1.06 0.28 2.88

Table 1: General characteristics of participants.

Note: Continuous variables are expressed as mean +− SD. Categorical variables are 
expressed as percentages. The P value of the continuous variables was calculated by 
the independent samples t test. The P value of the categorical variables was calculat-
ed by χ2 test. Abbreviations: HDL-C: high-density lipoprotein-cholesterol; LDL-C: 
low-density lipoprotein-cholesterol; TC:total cholesterol; TG: triglyceride. APO-A: 
Apolipoprotein A. APO-B: Apolipoprotein B.

Table 3: Codominant, Dominant, Recessive models of SNPs between control group 
and CHD group.

Table 2: Genotypic and allelic distributions of SNPs between control and CHD group 
(P>0.05).

SNP/Genotype/Allele Control (%) CHD (%) x2 P

rs1122608

GG 325 (77.2%) 386 (78.3%)

0.93 0.62GT
TT

91(21.6%)
5 (1.2%)

104 (21.1%)
3 (0.6%)

G 741 (88.0%) 876 (89.1%)
0.55 0.25

T 101 (12.1%) 110 (10.9%)

rs12563308

TT 385 (91.4%) 438 (88.8%)

2.63 0.28TC
CC

34 (8.1%)
2 (0.5%)

54 (11.0%)
1 (0.2%)

T 804 (95.5%) 930 (94.3%)
1.26 0.15

C 38 (4.5%) 56 (5.7%)

rs2230806

CC 128 (30.4%) 129 (26.2%)

2.41 0.31CT 212 (50.4%) 257 (28.1%)

TT 81 (19.2%) 108 (21.9%)

C 468 (55.6%) 514 (52.1%)
2.17 0.07

T 374(44.4%) 472 (47.9%)

Rs662799

AA 212 (50.4%) 261 (52.9%)

2.85 0.24GA 18 2(43.2%) 190 (38.5%)

GG 27 (5.4%) 42 (8.5%)

A 606 (72.0%) 712 (72.2%)
0.01 0.47

G 236 (28.0%) 274 (27.8%)

SNP Model Genotype Control CHD x2 P

rs1122608

Codominant

GG 325 (77.2%) 386 (78.3%)

0.62 0.93GT 91 (21.6%) 104 (21.1%)

TT 5 (1.2%) 3 (0.6%)

Dominant
GG 325 (77.2%) 386 (78.3%)

0.15 0.37
GT+TT 96 (22.8%) 107 (21.7%)

Recessive
TT 5 (1.2%) 3 (0.6%)

0.87 0.28
GG+GT 416 (98.8%) 490 (94.4%)

rs12563308

Codominant

TT 385 (91.4%) 438 (88.8%)

2.63 0.28TC 34 (8.1%) 54 (11.0%)

CC 2 (0.5%) 1(0.2%)

Dominant
TT 385 (91.4%) 438 (88.8%)

1.71 0.11
TC+CC 36 (8.6%) 55 (11.2%)

Recessive
CC 2 (0.5%) 1 (0.2%)

0.51 0.44
TC+TT 419 (99.5) 492 (99.8%)

rs2230806

Codominant

CC 128 (30.4%) 129 (26.2%)

2.41 0.31CT 212 (50.4%) 257 (28.1%)

TT 81 (19.2%) 108 (21.9%)

Dominant
CC 128 (30.4%) 129 (26.2%)

2.01 0.08
CT+TT 293 (69.6%) 364 (73.8%)

Recessive
TT 81 (19.2%) 108 (21.7%)

0.98 0.18
CC+CT 340 (80.8%) 385 (78.1%)

Rs662799

Codominant

AA 212 (50.4%) 261(52.9%)

2.85 0.24GA 182 (43.2%) 190 (38.5%)

GG 27 (5.4%) 42(8.5%)

Dominant
GG 27 (6.4%) 42(%)

1.44 0.14
GA+AA 394 (93.6%) 491 (91.5%)

Recessive
AA 212 (50.4%) 261 (52.9%)

0.60 0.23
GG+GA 209 (49.6%) 232 (47.1%)

Genotype n
TG, 

mmol/L
TC , 

mmol/L
HLD-C , 
mmol/L

LDL-C, 
mmol/L

APO-A, 
mol/L

APO-B, 
mmol/L

rs1122608

GG 711 1.98 ± 1.57 4.47 ± 1.17 1.08 ± 0.27 2.81 ± 0.92 1.23 ± 0.33 1.15 ± 0.89

GT 195 1.87 ± 1.25 4.30 ± 1.04 1.03 ± 0.29 2.73 ± 0.82 1.22 ± 0.30 0.86 ± 0.27

TT 8 1.96 ± 1.16 4.33 ± 0.70 1.27 ± 0.34 1.27 ± 0.34 1.42 ± 0.40 0.85 ± 0.20

F - 0.41 1.76 4.05 0.74 1.45 0.18

P - 0.65 0.17 0.01 0.47 0.23 0.83

rs12563308

TT 823 1.97 ± 1.50 4.44 ± 1.15 1.07 ± 0.27 2.79 ± 0.91 1.23 ± 0.33 1.10 ± 0.76

TC 89 1.89 ± 1.53 4.43 ± 1.14 1.08 ± 0.28 2.80 ± 0.82 1.24 ± 0.23 0.93 ± 0.66

CC 2 1.02 ± 0.74 4.94 ± 0.96 1.43 ± 0.32 3.32 ± 1.02 1.33 ± 0.53 0.95 ± 0.44

F - 0.49 0.19 1.66 0.34 0.13 0.03

P - 0.61 0.82 0.19 0.71 0.87 0.96

rs223086

CC 257 1.87 ± 1.427 4.47 ± 1.28 1.10 ± 1.26 2.84 ± 0.98 1.23 ± 0.25 0.89 ± 0.31
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Discussion
In this study we investigated the associations between SNPs of 

lipid metabolizing genes and their relations to 493 diagnosed CHD 
cases and 412 healthy controls from Han Chinese population in Xin-
jiang region of China. We chose four different SNPs related with 
lipid metabolism, they are rs1122608 in SMARCA4, rs2230806 in 
ABCA1, rs12563308 in ANGPTL3, and rs662799 APOA5 and eval-
uated whether they were associated with lipid levels and the risk of 
CHD in Han Chinese population. Our results showed no significant 
differences of these SNPs and their genotypic and allelic distribu-
tions between control and CHD group (P>0.05) (Table 2). In other 
words there is no statistically significant association between above 
four SNPs and CHD risk. Serum level of HDL-C was higher in TT 
genotype of rs1122608 when compared with GT and GG genotype 
(P<0.01); serum Triglyceride (TG) levels was higher in rs662799 GG 
genotype than GA and AA genotype (P<0.00); AA of rs662799 had 
higher HDL-C level compared with the other two genotypes (P<0.01) 
; rs12563308 and rs223086 were not associated with any serum lipid 
traits (P>0.05 for all) (Table 4). Following multivariate adjustments 
for the confounders, such as age, sex, smoking, hypertension and dia-
betes, rs1122608,rs2230806, rs12563308,and rs662799 were still not 
related with CHD (P>0.05 ). Also no association was found between 
four SNPs with gensini score and the angiographic severity of CHD 
patients (P>0.05 ) (Table 5).

Genome-wide association studies have identified rs1122608 SNP, 
located in intron 30 of BRG1/SMARCA4, as a risk variant for CHD 
[22]. Moreover, much evidence has verified that rs1122608 is related 
to CHD independently of lipid profiles [23,24]. A report of this SNP 
on Iranian populations showed that intron 30 of SMARCA4 gene in-
clude rs1122608 was associated with a strong protective effect against 
CHD [25]. Fujimaki et al. [26] performed a case-control study and 
that rs1122608 of SMARCA4 (P<0.0305; dominant model; odds ra-
tio, 0.86) is a risk factor of hypertension in Japanese individuals. Guo 
X, Wang X, et al. [27] found significant differences in glucose concen-
trations of rs1122608 different genotype, but no significant associa-
tion was found between rs1122608 polymorphism and Coronary heart 
disease or lipid metabolism in Han population living in Xi’an city. In 
a different Chinese Han study population, it has been pointed out by 
Chen QF, et al. [28] that the mutant GT and TT genotypes and minor 
T allele of rs1122608 are positively correlated with the risk of AMI. 

CT 468 1.99 ± 1.63 4.39 ± 1.08 1.06 ± 0.27 2.75 ± 0.83 1.24 ± 0.38 1.25 ± 0.90

TT 189 2.00 ± 1.46 4.49 ± 1.09 1.07 ± 0.28 2.85 ± 0.96 1.23 ± 0.25 0.92 ± 0.49

F - 0.63 0.7 1.52 1.32 0.04 0.37

P - 0.53 0.49 0.21 0.26 0.95 0.68

rs662799

AA 473 1.75 ± 1.20 4.43 ± 1.16 1.10 ± 0.28 2.81 ± 0.93 1.24 ± 0.27 1.26 ± 0.98

GA 372 2.03 ± 1.50 4.40 ± 1.12 1.05 ± 0.27 2.78 ± 0.89 1.22 ± 0.39 0.90 ± 0.40

GG 69 2.97 ± 2.58 4.60 ± 1.15 0.95 ± 0.21 2.74 ± 0.76 1.16 ± 0.21 0.88 ± 0.28

F 21.52 0.89 10.77 0.25 2.27 0.41

P 0 0.4 0 0.77 0.1 0.65

Table 4: Association of SNPs and serum lipid levels in CHD group.

Table 5: Multivariable logistic regression analyses of the major confounding factors 
for CHD.

Table 6: Gensini score of SNPs.

Table 7: Effect of SNPs on angiographic severity of CHD.

Characteristic B SE Wald P OR 95% CI

Age 0.027 0.209 10.041 0.001 1.028 1.010-0.966

gender 0.445 0.801 4.524 0.033 0.642 0.425-1.045

Smoking (%) 0.476 0.009 5.805 0.015 1.609 1.093-2.370

Drinking (%) 0.473 0.198 6.402 0.011 .623 0.432-0.899

Diabetes (%) 0.918 0.187 19.775 0.000 2.504 1.671-3.754

Hypertension (%) 0.468 0.206 9.928 0.002 1.597 1.194-2.123

TG, mmol/L 0.151 0.149 5.408 0.019 .860 0.757-0.977

TC, mmol/L 0.466 0.065 10.171 0.001 1.594 1.197-2.183

HLD-C ,mmol/L 1.519 0.146 20.424 0.000 0.219 0.113-0.423

LDL-C, mmol/L 0.078 0.336 0.222 0.640 1.081 0.781-1.496

APO-A, mmol/L 0.183 0.166 0.360 0.534 1.201 0.661-2.183

APO-B, mmol/L 0.020 0.305 0.468 0.235 1.020 0.963-1.081

rs1122608 0.121 0.030 0.555 0.456 0.886 0.644-1.218

rs12563308 0.277 0.162 1.440 0.228 1.319 0.839-2.072

rs2230806 0.104 0.231 1.003 0.316 1.109 0.905-1.360

Rs662799 0.069 0.104 0.351 0.553 0.933 0.743-1.173

SNP Alleles Gensini score F P

rs1122608
GG (370) 65.48 ± 55.69

1.79 0.18
GT+TT (100) 57.32 ± 32.10

rs12563308
TT (418) 62.94 ± 53.12

0.03 0.95
TC+CC (52) 70.21 ± 37.79

rs223086

CC (123) 61.32 ± 35.88

1.03 0.35CT (246) 66.92 ± 63.07

TT (101) 59.94 ± 33.89

rs662799

AA (243) 62.90 ± 63.56

0.07 0.98GA (186) 64.78 ± 34.86

GG (41) 64.04 ± 34.98

SNP alleles
One vessel 

diastase
Two vessel 

disease

Multiple 
vessel 

disease
x2 P

rs1122608
GG (370) 82 (82.0%) 81 (77.1%) 207 (78.1)

0.85 0.65
GT+TT (100) 18 (18.0%) 24 (22.9%) 58 (21.9%)

rs12563308
TT (418) 92 (92.0%) 93 (88.6%) 233 (87.9%)

1.24 0.53
TC+CC (52) 8 (8.0%) 12 (11.4%) 32 (12.1%)

rs223086
CC (123) 25 (25.0%) 24 (22.9%) 74 (27.9%)

6.31 0.17
CT (246) 59 (59.0%) 61 (58.1%) 126 (47.5%)

rs662799

TT (101) 16 (16.0%) 20 (19.0%) 65 (24.5)

4.96 0.29AA (243) 60 (60%) 56 (53.3%) 127 (47.9%)

GA (186) 31 (31.0%) 41 (39.0%) 114 (43.0%)

GG (41) 9 (9.0%) 8 (7.6%) 24 (9.1%)
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Another study showed, rs1122608 was associated with a higher risk 
of revascularization of cardiovascular complications in patients with 
CAD confirmed by coronary angiography [29]. Meta-analyses per-
formed for rs11206510 and rs1122608 showed that two SNPs were 
associated with CHD in Caucasians but not in Asians [30]. Ma H [31] 

also found rs1122608 in SMARCA4 seemed to have strong protective 
effects on the hypertension. Above results showed the controversy ef-
fect of this SNF on lipids and CHD.

Our study showed TT genotype of rs1122608 was associated with 
higher HDL-C levels, therefore may act as a protective factor, howev-
er this theory should be proven further due to biographical and ethical 
backgrounds of our samples (Table 4).

Angiopoietin like 3 gene (ANGPTL3) encodes a member of a 
family of secret proteins that function in angiogenesis which is in-
volved in the metabolic regulation of triglycerides, LDL-C, and 
HDL-C, as well as atherosclerosis in mice and humans [32]. Previous 
GWASes also reported that some ANGPTL3 polymorphisms were as-
sociated with serum TG and TC levels [33]. rs12563308 SNP belongs 
to ANGPTL3 gene family, but little is known about the association 
of the ANGPTL3  rs12563308 Single Nucleotide Polymorphisms 
(SNPs) with serum lipid levels and the risk of CHD. Li [34] showed 
that ANGPTL3 rs12563308 SNPs were not associated with all of sev-
en serum lipid traits in the controls,but rs12563308T haplotype was 
associated with an increased angiographic severity to coronary artery 
atherosclerosis. Gong Q at el. [35] explored associations between ge-
netic variants of the ANGPTL3 gene and susceptibility to ischemic 
stroke in a large-scale case–control study in a Chinese population. 
They found that rs12563308 were significantly associated with sus-
ceptibility to ischemic stroke. They also pointed out that carriers of 
the minor allele of SNP rs12563308 had significantly lower levels 
of TC and LDL-C. A study in a Finish population showed that sub-
jects who carried ANGPTL3 sequence variants rs12563308 (n=4) and 
rs199772471 (n=1) had abnormally high TC and LDL-C concentra-
tions [36].

In our study, rs12563308 was not associated with any serum 
lipid traits (P>0.05 for all).Also no association was found between 
rs12563308 with gensini score and the angiographic severity of CHD 
patients (P>0.05 ) (Tables 6 and 7). However, the reason for these 
discrepancies in different investigations is still unclear.

The SNP rs2230806 is located in ATP-binding cassette transporter 
A1 (ABCA1) gene. ABCA1 is a membrane transporter protein that 
plays an essential role in the effelux of cholesterol from peripheral 
tissues back to the liver, thus has a crucial role in removing intra-
cellular cholesterol and plays a protective role against atherosclero-
sis [37]. In recent years, a number of studies have shown that the 
distribution frequency of specific ABCA1 gene SNPs in different re-
gions and populations is significantly different, therefore the effects 
on plasma lipid levels and the incidence and severity of CHD are 
also different [38]. Even the same ABCA1 gene SNPs have similar 
or opposite effects [39,40]. Therefore, genetic polymorphisms in this 
gene may alter the susceptibility or the improvement of CHD. Fan 
Q at el. [41] showed in a meta Analysis of a total of 34,348 sub-
jects (14,085 CAD cases and 20,263 healthy controls) that there is 
a significant association between rs2230806 polymorphism and the 
risk of CAD under different genetic models: an allelic genetic mod-
el (OR=0.745, 95% CI = 0.687–0.809,  P < .001), a recessive genetic 
model (OR = 0.683, 95% CI = 0.603–0.774, P < .001), a dominant ge-

netic model (OR = 0.703, 95% CI = 0.633–0.781,  P < .001), a homo-
zygote genetic model (OR = 0.573, 95% CI = 0.488–0.672, P < .001), 
and a heterozygote genetic model (OR = 0.761, 95% CI = 0.693–
0.837,  P < .001),  In addition, statistical result showed rs2230806 is 
significantly associated with CAD in Asian population, marginally 
significant in Caucasian and not significant in other group. The reason 
for racial difference phenomenon may be attributed to allele frequen-
cy and other factors, such as lifestyle discrepancy and so on. Ma et al. 
[42] indicated rs2230806 is a protective factor for CAD risk both in 
Asians (OR = 0.76, 95% CI = 0.68–0.85) and Caucasians (OR = 0.89, 
95% CI = 0.81–0.99. Wang F at el. [43] study results showed that AA 
genotype of the rs2230806 polymorphism had higher levels of TC, 
LDL-C and uric acid than those with GA genotype (p<0.05 for all) 
but no associations betweenrs2230806 polymorphism and severity of 
CAD was detected.

Our results also found no association between rs2230806 geno-
type and severity of CHD or with serum lipids levels (Tables 4,6,7).

Apo-lipoprotein A5 (ApoA5) is part of VLDL, HDL and CM and 
is a major regulator of blood TG and HDL-C through interaction with 
LDLR [44]. Rs662799 was a polymorphism located in APOA5 gene 
and is the most studied SNP in the promoter region of this gene [45]. 
The allele frequency of rs662799 in HapMap database was 1.7, 13.3. 
26.7 and 28.9% in European, African, Chinese and Japanese respec-
tively. Chen H et al. [46] found a significant association of the SNP 
rs662799 in APOA5 genes with CAD. Valente-Frossard TNS [47] 
showed in their study that genotypes of the APOA5 rs662799 were 
not associated with lipid levels. Another study of Korean metabolic 
syndrome subjects showed that SNP rs662799 in the APOA5 gene 
was associated with increased risk of metabolic syndrome and its 
components, especially elevated TG and low levels of HDL-C [48]. 
Hsu LC [49] also found out TC + CC genotype of rs662799 is associ-
ated with high serum triglyceride and low LDL and BMI levels in the 
Han Chinese population in Taiwan.

In our study we also found ApoA5 rs662799 was associated with 
elevated TG in Han Chinese subjects in Xinjiang. The same results 
was reported in a study conducted in India where the rs662799 was 
associated with 19% increase in serum TG levels [50], similar TG 
raising effect of this SNP has also been reported in Chinese people 
other than Xinjiang region and Paksitani subjects [51-53]. Therefore, 
ApoA5 rs662799 might play in TG metabolism in Han Chinese peo-
ple in Xinjiang.

To sum up, in our study, we confirmed polymorphisms 
ofrs1122608(SMARCA4), rs2230806(ABCA1), rs12563308 
(ANGPTL3) and rs662799( APOA5) are not different between CHD 
patients and normal control subjects in Xinjiang Han Chinese pop-
ulation, suggesting that these SNPs and their genotypes and alleles 
may not be associated with CHD in HanChinese population in Xin-
jiang. Among these SNPs rs1122608 (SMARCA4) TT allele and 
rs662799 (APOA5) AA allele were associated with elevated HDL-C 
levels meanwhile rs662799 (APOA5) GG alelle was also associated 
with elevated TG levels. According to our results we also concluded 
these SNPs have no affect on the severity of CHD. GG genotype in 
rs662799 might be related to the elevated TG levels in CHD patients, 
therefore may act as a risk factor for CHD, TT genotype of rs1122608 
and AA genotype of rs662799 are related with higher HDL-C levels, 
therefore may play a protective role in the development of CHD in 
HanChinese population in Xinjiang region.
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Investigating these SNPs should use more clinical data with big-
ger samples. Our current research is fundamental; further functional 
studies and larger population‐based prospective studies are required 
to understand the genetic factors underlying CHD.
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